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INTRODUCTION 
Vitamins are defined as organic compounds required in small 
a.mounts to perform many essential functions. in the animal body. All 
vitamins have different structures and perform different functions. 
Experimental research has shown that it is very important to supply 
adequate amounts of vitamins to insure normal growth and body main­
tenance of animals. 
Swine producers use completely mixed diets or the free choice 
feeding of corn and supplement, which includes proteins, minerals, 
vitamins and additives, as methods of supplying supplemental vitamins 
for pigs. These two methods have been accepted by modern swine pro­
ducers as good feeding programs becaus·e they have supported excellent 
gs.ins and feed utilization by the animals. Even though these methods 
of feeding vitamins have resulted in-excellent pig performance, the 
method of supplying ·vltamins in the water seems to merit evalua.tion. 
Supplying vitamins in the water has been previously used by 
swine producers when they have needed therapeutic levels of vitamins 
and antibiotics during environmental and physiological stress 
conditions. These stresses often cause an animal to stop eating but 
seldom do they cause an animal to refuse drinking �ater. By having 
-vi tam.ins present in their water, animals that reduce their feed intake 
couia continue to receive their required vitamins. 
l. 
Another advantage of the drinking water method of feeding 
vitamins would be the elimination of a major portion of the mixing 
equipment and labor required for the usual methods of diet preparations. 
A small concentrated amount of vitamins could easily be·· added directly 
to the drinking water for a tank waterer or could be metered through a 
proportioner into an automatic waterer. The flexibility of this system 
would allow supplementation of vitamins either daily or for a longer 
period of time and thus would permit the use of wormers and medications 
through the same system. 
There may be at least three possible disadvantages of supplying 
vitamins in the animals' drinking water. Pigs tend to waste water, 
especially during the warmer season of the year, leading to a loss of 
expensive vitamins. A second problem may be the variation in water 
consumption. Water consumption will vary from season to season, diet 
to diet, and from individual pig to individual pig. The third proble:11 
may be the instability of vitamins and separation of the vitamins in 
the water solution. 
2· 
The purpose of this study was to evaluate the growth rate, feed 
and water consumption, and efficiency of feed utilization of early 
weaned pigs and growing rats fed supplemental vitamins in the drinking 
water and to compare the perfonnances of these pigs arrl rats to pi.gs and 
rats fed supplemental vitamins in the feed. 
REVIEW OF LITERATURE 
Liquid Feeding .2f Nutrients 
Macronutrients. Liquid feeding is �ot a new method of providing 
nutrients but is actually a new term applied to the old method of slop 
feeding. Hanson (1958) reported that several of the experiment stations 
60 years ago consistently recommended feeding slop to pigs. The experi­
ment stations' recommendations changed, however, when experiments by 
·Thompson and Voorhies (1922), Edwards and /Brown (1925), Culbertson and 
Thomas (1933), and Aubel and Alexander (1937) showed that slop feeding 
was not generally superior to dry feeding. 
Research workers at the South Dakota, Alabama, North Carolina, 
and Ohio experiment stations have conducted recent experiments to obtain 
additional information on the performance of growing and finishing pigs 
fed diets with added water. Seerley _(1962) and Tucker and Brown (1964) 
reported that pigs liquid-fed gained faster, consumed more daily feed, 
and required ·slightly more feed to produce a kg. of gain. However, 
Clawson and Pierce (1963) reported that pigs self-fed a complete air-dry 
diet consumed more feed, gained faster, and required less feed per· kg. 
of gain than pigs fed a similar diet mixed w-ith water. The difference 
in results may have been due to the procedure of feeding the liquid 
rat'ions •. Clawson and Pierce reported that their pigs were fed twice 
daily a diet that had been mixed with water and allowed to. stand from 
one feeding until the next. Seerley reported feeding his pigs three 
times daily � diet that had been soaked from 15 to 24 hours depending 
upon the time of feeding. Roller et al. (1965) re:ported that the daily 
gain of pigs fed a paste diet _was greater than thos_e pigs. fed the same 
quantity of dry feed in two out of three trials. The gains of the pigs 
on the two different treatments were similar in the third trial. In 
all three trials, the paste-fed pigs were more efficient in feed 
utilization than pigs fed the dry diet. 
4· 
M:i.cronutrient�. Nutrients, such as minerals, fats, amino acids, 
and vitamins, have been added to animals' drinking water with success. 
Teague�&• (1965) reported that pigs receiving copper in the drinking 
water perfol:271ed as well as pigs receiving'copper in the feed. Beilharz 
!!, &_. (1965) reported that sodium depleted sheep drank a sufficient 
amount of sodium bicarbonate solution that was offered once every 48 
hours to replace their sodium losses. Dallman and Schwartz (1965) found 
that weanling rats fed iron 0 copper, and manganese in their drinking 
water grew as fast as rats fed these �azne minerals in stock pellets. 
March and Biely (1960) fed an oil emulsified in water as a liquid feed 
supplement to poultry and found that the birds fed the oil in the water 
gained consistently faster and they were more efficient in feed 
utilization than birds fed oil in the dry feed. Seerley and McCarty 
(1965) reported that pigs fed supplemental lysine in their drinking 
water pe�formed as well as those fed lysine in the feed. Sorbel � al. 
-(1949) and Sorbel and Ro.senber g (19 50) reported that the vi trunin A · 
stores of suckling rats whose dams were given vitamin A in· an aqueous 
dispersion were higher than suckling rats whose dams received the same 
amount of vit�nin A dissolved in oil. Kieckebusch (1960) reported that 
rats fed vitamin A palmitate in water grew significantly faster than 
rats fed vitamin A acetate in arachis oil. Halpern et aJ. •. (1947) 
.,. ....... ..-
. 5· 
reported that chickens fed vitamin A in the form of.water emulsion grew 
at a faster rate than those fed vitamin A in oil. 
Factors Influencin�  Req�irements· 2f Pigs!!!!,� 
Data obtained from various vitamin experiments have indicated 
that there are many factors that affect the animal •·s vi tarn•in require­
ments. Any statement regarding the amount of vitamins required must be 
a compromise of variations in dietary constituents, environmental 
effects. individual differences, intestinal microflora, and other 
influences. 
Dietar;y: Constituents. Najjar and Holt (1943) stated. ttwe must 
think in terms of requirements on a particular diet rather than of 
requirements in general." Luecke ,tl .!!_. (1948) and McMillen tl· ,&.­
(1949) showed that the requirements of pigs for niacin, riboflavin, and 
pantothenic acid were considerably higher on a natural ration than the 
requiraments established from experiments using purified diets. They 
used a corn, oats, soybean meal, meat scraps, alfalfa meal, and mineral 
diet for young pigs. Their diet supposedly contained enough niacin, 
pantothenic acid, and riboflavin for normal growth when based on the 
recommendations of the National Research Council. However, their · 
results showed their diets to be deficient in these vitamins. In 
cont
.
rast to the Michigan workers, Heinemann tl al. (i946) reported that 
the efficiency of utilization of thirunine and riboflavin was much greater 
for pigs fed the natural grain diet than ·those fed the purified diets. 
· . . 
The type of carbohydrate used in a rat diet.has been shown to be 
an important factor in stimulating the microorganisms to synthesize the 
B vitamins. Morgan ,tl al. (1938) reported th�t lactose and corn starch 
favored the production of riboflavin and pyridoxine in the intestine of 
the rat, whereas sucrose did not. · Krehl (1949), _Henderson�&• 
(1947) , and Schweigert and Pearson (1948) reported dextrin, starch, 
glucose, and lactose had a nicotinic acid spari_ng action when compared. 
to diets containing sucrose. Hedley and Yadkin (1959) found that rats 
lost weight when fed· a riboflavin deficient diet with 10% glucose; 
however, when the glucose was replaced with sorbitol, the rats grew well 
for the duration of the experiment and no deficiency symptoms developed. 
Shaw and Phillips (1941_), Mannering � !1_. (1944) , and· ·sure (1945) 
showed that the fat content of the diet had a significant effect on the 
riboflavin requirement ·or the rat. These workers reported the replace­
ment of dextrin in a rat diet with isocaloric amounts of fat increased 
the amount of- riboflavin needed for growth. 
Thiamine functions in the metalJolism of carbohydrates. For this 
reason the thiamine requirement is determined almost completely by.the 
carbohydrate intake. Fat and to a lesser extent protein, displacing 
carbohydrate from the diet, exerts a sparing action on the thiamine 
requirement (Evans and Lepkovsky, 1928). Dann (1945) maintained rats 
for a period of a year on a_near thiamine-free diet containing 80% 
protein and no carbohydrates. 
Czaczkes and Guggenheim (1946) found in their studies that the 
fat or protein content of the diet profoundly affected the riboflavin 
requiremei:it of the rat. They noted that rats on low-·prbtein diets 
needed at least t wic_e as much riboflavin as animals fed a normal protein 
diet. These authors believed that the different �equirements for 
riboflavin were due to the differences in the amount of riboflavin 
synthesized in the intestine. 
Moore (1960) reported that the protein allowances can affect the 
vitamin . A requirement in at least two ways. The first is that a high 
level of protein promotes rapid growth and thereby increases the require­
ment of vitamin A. The second is that a low intake of protein may -lead 
to fatty infiltration of the liver and decrease the digestion and 
absorption of vitamin A in the intestinal tract. These changes reduce 
the efficiency of utilization of vitamin A and accelerate the appearance 
of deficiency symptoms. 
The interrelations of the various vitamins may also have an 
effect upon the vitamin requirements as reported by Wisconsin, 11ichigan, 
Indiana, and Iowa workers. Johnson and Baumann (1948) reported that the 
vi ta.min A stores in the livers of rats which were fed inadequate amount.s 
of thiamine were appreciably higher than the liver vitamin A content of 
rats fed adequate amounts of thiamine. The explanation for their 
results was that fast growing rats (those fed adequate thiamine) required 
more vitamin A than the slow growing rats ( those fed inadequate 
thiamine ) .  McMillen � al. (1949 ) and Briggs and Beeson (1951) reported 
that single additions of niacin, riboflavin, or pantothenic acid failed 
to· improve the performance of the pigs to any appreciable extent. 
However, the addition of a mixture of these three B vitamins to the diet 
significantly improved the growth rate and feed efficiency. Catron . 
� .!!• (1953 ) reported that pantothenic �cid and vitamin B12 exerted a 
sparing action on each other. 
. a
· 
Swick � !!1• (1951 ) and Lih and Baumann (1951) reported that 
penicillin, . aureomycin and streptomycin i ncreased the growth rate of 
rats fed deficient amounts of pantothenic· acid. One year later 
Sauberlick (1952 ) reported aureomycin and penicillin lowered the 
pantothenic acid requirement of weanling rats. • C�tron � &• (1953) 
reported similar results with pigs. A 14% protein corn-soybean meal 
diet containing adequate amounts of vitamin B12 and aureomycin did not 
need to be supplemented with pantothenic acid for optimum growth. Daft 
and Schwarz (19 52 ) reported that riboflavin deficient rats died as 
expected, but littermate rats fed identical diets plus 20 mg. aureomycin 
survived. 
Environment. · working with rats at environmental temperatures of 
approximately 20° and 32° c. , Mills (1941, 1942, 1943 ) concluded that 
increasing the room temperature increased the thiamine and pyridoxine 
requirements, but the higher room tamperature did not alter the 
pantothenic acid or riboflavin requirements. Mitchell .tl al. (1950) 
reported that the riboflavin requirement of pigs was greater ( 3. 50 mg. 
per kg. at 5. 60 c. ) at low temper�tures than at high temperatures (1. 21 
mg. -per kg. at 29 . 3° C. ) .  
Individual Variation. Those who have worked with animals in 
nutritional studies are aware of the individual variations which occur, 
. 9· 
even in closely inbred littermates� DeNan and Zwei_p (1963) stated that 
published data confirm the existence of differences between and within 
breeds of poultry and pigs in nutritional requirements, particularly in 
respect to vitamins. 
Johnson and Palmer (1939) reported colored pigs having access to 
sunshine before being placed in confinement stored sufficient vitamin .D 
to protect them from rickets for periods of only 4 to 8 weeks. On the · 
other hand, white pigs were protected from rickets· for approximately 
twice as long in the same environment. Fenton and Cowgill ( 1947) 
studied the riboflavin requirements of two inbred strains of mice. One 
strain showed optimum growth when the diet contained 0 . 4  mg. of ribo­
flavin per gm. , whereas the other strain required a dietary level of 
0 . 6  mg. per gm. of diet. El.son (1950) and Koller (1950) showed signifi- · 
cant differences of survival time between strains of rats on a thiam:ine­
deficient diet. Light and Cracas (1938) reported one strain of white 
rats needed twice the amount of thirunine as another  strain to obtain 
the same growth rate. Moore (1957) reported that the quantities of 
vitamin A accumulated by mammals and sto red in their livers vary widely 
between species and also between individuals in the same species. 
Researchers have shoim that the rate of metaoolism of an animal 
depends upon its body surface. Osborne and Mendel (1922)  and Cowgill 
(1934) in studying the thiamine requirements of mice, rats, pigeons, 
dogs, and human beings found that the requirement is proportional to 
body weight. Luecke tl .!.l• (1948) reported age and weight . appea-red to 
be important factors in nicotinic acid requirements. Moore (1957) 
reported that sex was ·a factor in vitamin requireme�ts since female$ 
tend to accumulate higher stores of vitamin A than males. Voris and 
Moore (1943) reported that male rats require more riboflavin than 
females. 
10 · 
Intestinc1l Microflora. Animal scientists have known for several 
years that microorganisms of the digestive tract have been able to 
synthesize many of the B vitamins, and that these vitamins may well 
have a si�nificant role in supplementing the nutritional supply in order 
to meet the B vita.min requirements. The phenomenon of "refection" was 
described by Fridericia 21 &• (1927 ) who observed that one of three 
rats on a diet of rice starch, water extracted casein,· butterfat, and a 
sa.l t mixture started to gain weight while the other two rats on the same 
vitamin B qeficient diet continued to lose weight and finally died. The 
rat that started gaining weight continued to gain weight during the 20 
weeks of the study. ' This rat had white, bulky feces which, when added 
to a vitamin B-deficient diet, produced a refected state in the 
recipient rats. As or· this date, scientists do not know with certainty 
how refection is spontaneously established in the rats, although there 
has been runple confirmation of its existence ( Johansson and Sarles, 
1949 ; Kon., 1953 ) . 
Fridericia � al. _ (1927 ) and Roscoe (1927 ) showed that a poorly 
dige.sted carbohydrate such as raw starch had to be present ·before 
refection could occur. If the starch was cooked or replaced by sucrose, 
then refection did not develop. These observations were later confirmed 
by Guerrant� al . (1935 , 1937 ) . 
. . 
11 
These studies seem to indicate that the microflora · of the lower 
intestinal tract synthesized the B vitamins when they· were provid�d a 
medium of undigested carbohydrates. The B vitamins thus synthesized 
were believed to be either absorbed directly or absorbed after the rat 
had consumed its own feces. The consumption of feces was believed by 
Roscoe (1927 ) to be an integral par·t of refection. When Roscoe trans­
ferred � refected rat to a cage with large mesh screen bottom, the 
refect.ed state disappeared and the rat started to · 1ose weight. The rat 
became refected again when returned to its original cage. Guerrant 
,tl 1!1_. (1937 ) ,  however, reported that refection could be maintained in 
some rats that showed no evidence of coprophagy. Ford .21 al. (_19.53 ) 
reported similar conclusions and emphasized that refected rats had 
slightly acid cecal co,ntents (pH 5 . 0-6. 6 )  as compared to control rats 
(pH 7. 0-7. 5). The acid cecal contents. were believed to favor an 
increased absorption of the synthesized vitamins. 
Other Influences. Various research data indicate that the amount 
and availability of vitamins may vary widely • in commonly used feed gfains. 
Luecke � al. (1953 ) reported the physiological availability of panto­
thenic acid may vary widely in commonly used feed ingredients. Luce 
.tl _&. (1965 )  reported that the niacin found in corn, milo, and wheat 
was largely unavailable to swine. They hypothesized that niacin occurs 
in a bound form in these grains making the vitamin unavailable to the 
animals. Sobel (1952 ) reported that the deficiencies of the fat soluble 
vitamins may frequently result from poor absorption or transportation of 
these vitamins in the body. Sobel explained his theory by stating that 
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fat soluble  vitamins must be converted to water soluble·· forms by means 
of derivatives or dispensing agents . This problem is not encountered 
for water soluble vitamins. Moore (1957 ) reported that in some circum­
stances the limiting factor of the absorption of provi tandns may not 
depend on solubility but on the adequacy of the enzyme systems concerned 
with their conversion. 
Vitamin Req uirements 2£ Pigs ·!!E. � 
To state precisely the daily vitamin requirement for a certain 
animal is impossible if all the factors that influence requirements are 
taken into account. Yet, research workers have been able to establish 
with reasonable certainty a specific vitamin requirement per unit o f  
feed o r  per unit o f  time. 
The _ baby pig and the growing rat have been shown to need the 
following vitamins in their diet : A, - D, E, thiamine, riboflavin, 
niacin, pyridoxine, and choline. Pigs require in addition to these 
vitamins pantothenic acid and BJ.2• So far, most research workers agree 
that vitamins C ,  K ,  biotin,  folic acid, inositol , and para-aminobenzoic 
acid are not required in supplemental quantities by the pig o r  rat. 
Vitamins C, K ,  and biotin are usually synthesized in sufficient amounts 
by the pi_g and rat to supply their needs (Hughes !il:, al. , 1928 ; Cunha 
.tl \1_. , 1946 ; Lindley and Cunha, 1946 ; Skeggs and Wright, 1946 ; Schendel 
and _Johnson, 1962) . Studies by Aubel � al. (1932) and Wintrobe (1939) 
have shown natural diets to contain enough vitamin E to supply the pig' s 
needs. The National Research Council (1962) lists the rat requira�ent 
for vitamin E as 6 mg. of o<: -tocopherol per 100 gm. of diet. Folic acid, 
13 . 
inositol and para-aminobenzoic acid have not" been of any benefit for 
the growth of pigs or rats when added to purified diets (Lindley and 
Cunha, 1946; Cunha tl al. , 1947 ; Johnson !:.!:. _&. , 1948 ; Darke and White, 
1950 ; McCormick .tl &• , 1954 ; Wright, 1954). 
Vitamin f:.. The National Research Council · (1962, 1964) recommends 
a level of 2, 205 I . U. vitamin A per kg. of total diet for the baby pig 
and 200 · r .  U. per 100 grn. of diet for the growing rat. Braude et &_. 
(1941)
.
reported the requirement of an 8 week old pig at 100 I. U. of 
vitamin A per 22 kg. live weight per day. ·Sheffy� .!l• (1954) reported 
the supplementing of a semi-synthetic diet with 6 mcg. of vitamin A 
acetate per kg. body weight supported good growth and prevented- the 
appearance of gross deficiency symptoms . They further stated that 18 
mcg. of vitamin A acetate was the minimum amount needed to provide a 
trace of liver storage . 
Lewis � al . (1942) showed that 250 I .  U. of vitamin A per kg. of 
rat per day resulted in maximum growth with a trace of vi tarnin A stored 
in the liver. Sherman and Trupp (1949) reported that rats fed 1, 200 
I. U .  per kg. of body weight had slightly more gain and greater longevity 
than rats fed lower levels of vitamin A.  
Vitamin _!2. The National Research Council (1962, 1964) recommends 
a level of 220 I. U .  per kg. of total diet for the baby pig, but they did 
not ·recommend a specific level for the rat. They state that there is · 
insufficient evidence to establish a vitamin D requirement for the rat ; 
however, they reported that there are many diets in the l iterature that 
contain between 2, 000 and 12, 000 I . U. per kg. · of diet. 
2 0 4 4 3 2  
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Miller .£i .§1:1. (1964) reported the minimum vi t:_amin· · Dz requirem�nt 
of baby pigs receiving a purified diet containing 0 . 8% calcium, 0 . 6% 
phosphorus , and 350 ppm magnesium was not g-.eeater than 100 I .  U .  per kg • 
. ' 
of diet. Luecke et &• (1961 ) studied the effects of supplementing a 
corn-soybean diet with 100 and 1, 000 I. U .  of vitamin D per kg. of diet. 
They reported there were no differences between levels of vitamin D for 
grovrth rate , feed consumption, serum calcium, specific gravity,  and 
maximum breaking strength of the eleventh rib. 
Bethke et _!l. (1932) demonstrated an improved growth rate , bone 
formation , and the percent of blood calcium and phosphorus when 3 I. U. 
of vitamin D were added pe1• gm .  of  feed as co111pared to lower. levels of 
supplemental vitamin D. Herting and Steenbock (1955) reported that 25 
I. U. of vitamin D per day increased rat gro�rth rate and bone calcifi­
cation above control rats fed no vitamin D when wide ranges of calcium 
and phosphorus ratios were fed. 
Thiamine. The National Research Co uncil (1962, 1964) recommends 
1. 32 mg. of thiamine per 100 gm. of diet for the growing rat. Miller 
et al. (1955) studied the thia�ine requirement of baby pigs fed diets 
- -
containing o . o ,  0 . 5 ,  1. 0 ,  1 . 5 ,  and 2. 0 mg. of thirunine per kg. of 
solids. The authors reported the minimum requirement was 1 . 5  mg. per 
kg. of dietary solids (10% fat) intake for optimum grovrth and feed 
efficiency. 
Scott and Griffith (1957 ) demonstrated that the requirement is at 
least 10 mcg. per rat per day with diets containing 10% fat but only 8 
mcg. per rat per day for diets containing 60% fat. Older reports 
1:5 · ·  
generally substantiate their data by listing · values betwe_en 0. 8 and 1. 6 
mg. of thiamine per kg. of diets that contain less than 20% fat (Arnold 
and Elvehjem, 1938 ; Voris et al. , 1942 ; Kline et al. , 1945). _ ....._  _ ...... 
Riboflavi.J},• The National Research Council (1962 , 1962) recommends 
3 . 3  mg. per kg. of total diet for the baby pig and 0. 25 mg. per 100 gm. 
of diet for the gr_o.dng rat. Krider � _!1,. (1949) reported that J.1 mg. 
of riboflavin per kg. of diet was minimum for weanling pigs fed in dry · 
lot. Studies by Miller � al. (1954) indicated that baby pigs require 
approximately J mg. of riboflavin per kg. of purified diet. Bessey 
� !l• (1957) reported that the riboflavin requirement of growing rats 
was 28 mcg. per day. 
Niacin. The National Research Council (1962, 1964) recommends 
22 mg. of niacin per kg. of total diet for the baby pig and 1. 5 mg. per 
100 gm. for the growing rat. Firth and Johnson (1956) studied the 
requirements of nicotinic acid using a hydrolyzed casein synthetic  milk 
diet containing 28% crude protein. They reported the nicotinic acid 
requirement for maximum growth was near 20 mg. per kg. of diet when_ 
O . J% of DL-tryptophan was present in the diet. Becker et al. (1963 ) - -
reported that weanling pigs need approximately 13. 2 mg. of available 
nicotinic ·acid per kg. of diet when the minimum tryptophan requirement 
is provided in the diet. Hundley (1947) reported that rats receiving 
diets with 15% casein ( 0. 20% tryptophan) responded slightly to added 
niacin, while those receiving diets containing 20% casein ( 0. 27% 
tryptophan) did not respond to the added niacin .  
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Pantothenic �. The National Research Co�cil ·(1962, 1964 ). 
recommends 13. 2 mg. of pantothenic acid per kg. of total.diet for baby 
pigs and O.  8 mg. per 100 gm .  diet for growing rats. McMillen !1, al. 
(1948) reported weanling pigs raised on pasture began goose stepping in 
7 weeks when fed a· corn-soybean meal diet without supplemental 
pantothenic acid. The control pigs fed the same diet with 55 mg. of 
added pantothenic acid per kg. of feed remained normal and gained 0 . 35 
kg. per day as compared to 0. 31 kg. for the deficient pigs. P-lgs fed 
a corn-soybean meal diet with 55 mg. of supplemental pantothenic acid 
in dry lot averaged 0. 45 kg. daily gain, whereas the pigs fed no 
supplemental pantothenic acid gained 0. 35 kg. daily. Stothers � al. 
(1955 ) reported that the pantothenic acid requirement of the baby pig 
for optimum· growth and feed efficiency when fed a purified diet approxi- · 
mated 12. 5  mg. of calcium pantothenate per kg. of solids. 
Barboriak � al. (1957 ) reported that 0 . 8 mg. of calcium 
pantothenate per 100 gm. of diet was adequate for growth. However, the 
rat rarely needs calcium pantothenate added to its diet since purified 
diets usually contain 1 . 5 to 6. 6  mg. per 100 gm. of diet. 
f:yridoxine. The National Research Council (1962, 1964) recommends 
1. 1 mg$ of pyridoxine per kg. of total diet for the baby pig and 0 . 12 
mg. per 100 gm. of diet for the growing rat. Hughes and Squibb (1942) 
reported that pigs weighing i3. 6  kg. at the beginning of the experiment 
required b�tween O and 5 mg. of pyridoxine per 45 kg. of pig daily when 
fed a purified diet. Miller et al. (1957 ) in a more recent  experiment 
with baby pigs reported the requirement was greater than · o. 75 mg. but 
less than 1. 0 mg. of pyridoxine per kg. of solids. 
�7 . 
Batchen ,tl al. ( 1955) studied the growth of  rats fed o. o ,  2 .5, 
5. 0 , and _ lO. O  mcg. pyridoxine hydrochloride daily. The authors reported 
that the• daily supplementation of iO mcg. of  pyridoxine to purified 
diets was probably adequate for normal growth. 
Choline. The National Research Council (1962, 1964) recommends 
1,102 mg. o f  choline per kg. of total diet for the baby pig and 75 mg. 
o f  choline per 100 gm. of diet for the growing rat. - Neumann !:! al. 
(1949 ) studied the choline requirement of the baby pig fed a synthetic 
milk diet. The authors showed that baby pigs need 0.1% choline ·( l, 000 
mg. of choline per kg. of feed)  when fed the milk diet co?1taining o. 8% 
methionine. 
The level of methionine in the ..ration is important in determining 
choline need$ . Methionine can furnish methyl groups for choline 
synthesis but it is not used for choline synthesis if there is adequate 
choline present in the diet. Proof o f  this may be found in Nesheim and 
Johnson' s (1950 ) findings that it was impossible to produce a choline 
deficiency in baby pigs when 1 . 6% methionine was included in the diet. 
Brown and Sturtevant (1949 ) stated that 100 mg. o f  choline per 100 gm. 
of  diet should satisfy the rat' s requirement when fed a diet containing 
18% casein. They further stated that it would be necessary. to increase 
the choline supplement if the pro tein was decreased to 10% of the diet. 
Griffith (1941 )  stated that choline could be omitted from the di et o f  
rats i£ the diet  contained 30% casein. 
Vitamin fil• The National Research Council  ()-962�· 1�64) 
recommends 22 m.cg. of vitamin BJ.2 per kg. of total diet for the baby 
pig and _0 . 5  mcg. per 100 gm. of diet for the growing rat. In a number 
of studies at the Iowa station, the vi tamin BJ.2 requirement of the 
weanling pig was reported to be approximately 10 mcg. per kg. of a 
corn-soybean meal diet containing antibiotics (Richardson et al. , 19.51.-; 
Vohs ,tl &• , 1951 ; Catron tl al. , 1952) . Nesheim ,tl al. (1950) reporte_d 
that suckling pigs up to 6 weeks of age fed a purified diet r equired 
approximately 20 mcg. of B:1.2 per kg. of total dry matter. 
Jaffe (1956) reported the vitamin BJ..2 requirement of rats was 5 . 
mcg. per kg. of diet. This reported value was lower than the value 
reported by Sherman !i al. (1955 ) who found growth responses of depleted 
rats up to a level of 13. 75 mcg. per kg. of di et. 
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EXPERIMEN'f AL PROCEDURE 
Early Weaned Pig Experiments 
The pigs used in these tri als were weaned at 3 weeks of age and 
allotted to treatment. The breeds represented were purebred Du.roe, 
Hampshire, and Yorkshire. Water was provided by an automatic watering 
cup that was conne_cted to an over head covered 15 gallon plastic tank. 
The plastic container was capped to prevent contamination from air-borne 
bacteria and fungi. Feed was provided in self-feeders located in each · 
pen. The diets used are  shown in  table 1. Diets 1 and 2 were· fed to 
provide 4.5 and 18. 1 kg. of feed per pig, respectively, and then the 
16% crude protein grower diet was self-fed to the end of the 7-week 
test period. Records of all water and feed were kept and any water or 
feed remaining at the termination of the experiment was weighed back 
and subtracted from the amount fed o 
The pigs were weighed ind.i vi.dually at the beginning of the trials 
.and approximately every 2 weeks thereafter until the termination o f  
each trial. 
Three treatments in each of the five trials included the adding 
of a low, medium, and high level of vitamins in the drinking water. The 
medium level provided approximately 1, 277 I. U. of vitamin A, 765 I. u. · of 
vitamin D, 4 mg. of riboflavin, 1 mg. of thiamine, 9 mg. of pantothenic 
acid, 20 mg. of niacin, 1 mg. of pyridoxine, 11 mcg. of vitamin Biz, and 
64 _ mg. choline chloride per liter of water. Based on expected water · 
consumption , the low 1 evel was estimated to provide approximately one­
half the daily requirement, the medium level met the daily requirement, 
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TABLE 1. . COMPOSITION OF EARLY WEANED PIG DIETS 
Diet 
1 2 3 · 
Ingredients Pellets Pellets Meal 
% % % 
Shelled corn 47.- 0 49. 4  80. 2 
Rolled oats 15. 0 20. 0 
Soybean meal (50%) 15. 0 1.5. _o 17. 0 
Dried skimmed milk 13·. 4 10. 0 
Cane sugar 6. 6 .3. 0 
Dicalcium phosphate 1. 0 1. 0 1. 7 
Limestone 1. 0 o . 6  o . 6  
Trace mineral salta 0 .5  0 . 5  0 .5 
Antibiotic premixb 0.5 0 .5 
Total 100. 0 100. 0 100. 0 
a Trace mineral content in the sa:i.t mixture was 0. 58% manganese, 
0. 015% cobalt, 0. 08% copper, 0. 8% zinc, 0.3% iron, and 0. 016� iodine. 
b Antibiotic pramix provided 110 mg. chlortetracycline, liO mg. 
sulfamethazine 9 and 55 mg. penicillin per kg. of feede 
and the high level provided twice the current recommended daily needs 
of the pig without consideration of the vi taznins in the feed ingredients. 
An analysis of variance was computed for total gain for all tri als. In 
trial 2 and .3 where missing data occurred, a least squares procedure 
was used that permitted unequal subclass numbers. 
Representati ve samples of diets and water for early weaned pig 
diets were collected and · assayed for riboflavin. Riboflavin was chosen 
to represent the B vi tarrrl.ns mo st apt to be lacking in natural diets fed 
under practical feeding conditions. The riboflavin content of the 
coll�cted samples was determined by using a modified U. S. P • . micro- · 
biological assay technique (Difeo Laboratories, 1963 and Pharmacopeia 
of the United States, 1960) .  The assay organism used was Lactoba.cillus 
casei ATCC 7469. 
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The standard stock solution of riboflavin used for preparing the 
standard curve was prepared by dissolving with heat 0. 1 gm. of ribo­
flavin in 1 , 000 ml. of distilled water. The stock solution was made 
fresh every 2 months and stored at 5° c. under toluene. 
Each time that a vi ta.min assay was made a standard curve was 
prepared. To prepare the standard curve 1 ml. of the standard stock 
solution was diluted to 1, 000 ml. with de-ionized water to give a final 
riboflavin concentration of 0. 1  mcg. per ml. of solution. Quantities 
of O. O ,  0. 25, 0. 5, 0. 75, 1. 0 ,  1. 5 ,  2. 0, and 3. 0 ml. of diluted stock 
solution we e added to assay tubes to construct the standard curve. 
Sufficient de-ionized water was added to the vitamin solution to make 
a total of 5 ml. in each tube. Five ml. of riboflavin assay medium was 
prepared from Difeo Bacto-Riboflavin Assay Medium. 
To prepare the inoculum for the assay, 10 ml. of Difco-Bacto- · 
Lactobacilli Broth AOAC was inoculated with a 24 hour stab culture of 
!!• casei. The broth culture was incubated 24 hours at 37° ± 1. 0° C.  
and the cells obtained were washed two times with sterile saline 
solution. After the last washing, the cells we_ e resuspended in 10 . ml. 
of sterile saline solution. A 1 ml. portion of suspension was then 
trans.f erred to an additional 20 ml. of the sterile saline solution and 
th roughly mixed to obtain a homogeneous suspension. The inoculum was 
used at a rate of one drop per assay tube. After aseptic inoculation 
the tubes were incubated for 18 hours at 37° ± 1 . 0° C. The growth of 
the test orga�ism was measured turbidimetrically with a Bausch and Lomb 
11 Spectronic 20" Colorimeter at a wave length of 525 mu. The optical 
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density (OD) of the samples was read and plotted on graph paper against 
riboflavin concentration to obtain the standard curve. A typical 
standard curve is shown in figure 1. 
The feed samples obtained from the early eaned pig diets were 
prepared for assay · us ng a rnodification of  the A. 0 . A. C. (1955 ) ribo­
flavin ex tracting procedure. The feed samples were extracted by placing 
5 · gm. in a 125 ml. fl.ask, adding 90 ml. of 0. l N HCl solution, and 
autoclaying at 121° C. for 30 minutes. Following the autoclaving, the 
proteins in the samples were precipitated by adjusting· the mixture to 
the isoelectric point of the proteins. The solution was .  then diluted 
to a measured volume with de-ionized water and filtered thro�gh ashless­
free paper.  1m aliquot of the filtrate was adjusted to pH of 6. 8. An 
aliquot of the adjusted solution from the filtrate and an aliquot of 
the vitamin drinking water from the early weaned pi g studies were 
prepared for assay by diluting with de-ionized water to a concentration 
that was readable in the most linear part of the standard curve. Five 
ml. of the final diluted sample plus 5 ml. of the assay medium were 
placed in each assay tube. The tubes and solution were sterili zed, 
inoculated, incubated, and the growth determined in the same manner as 
was described for the standard curve. The samples were done in 
duplicate and the readings were averaged. The riboflavin content of 
the samples was then determined by comparison with the standard curve 
in each dilution. 
Experiment l• The first experiment with early weaned pigs 
involved two trials that ccmpared the effects of no vitamin 
•n 
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Figure 1 .  Typic al standard curve for :t iboflavin ass ay using 
Lactobacillus �sei ATCC 7469 . 
supplementation in the feed or  water (negative cor1trol) and. the adding 
of a low, medium, or high level of vitmnins in the drinking water. 
Experiment 1 was conducted during the fall of 1964 with the two trials 
starting September 23 and October 3. 
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The 16 young· pigs in trial 1 · were selected from Du.roe and 
Yorkshire litters on the basis of sex and weight. Each lot of four pigs 
was confined to an 8 ft. x 9 ft. pen with a cm1crete floor. 
The 32 pigs used for trial 2 were selected by weight from one 
Duroc, one Yorkshire, and three Hampshire litters. After selection, the 
pigs were allotted at random by breed. Sex was not used as a criterion 
in allotting the pigs on the basis of Teter and Hanson' s (1959 ) report. 
These workers repo rted no significant differences in the 8-week weights 
of pigs of the opposite sex within breeds. Each lot of eight pigs (two 
Duroc, two Yorkshire, and four Hampshire)  was confined to . a 4 ft. x 8 -
ft. wooden crate. One-fourth of the wood floor was slotted. 
E,cperiment �. Three trials of early weaned pigs were used in 
this experiment to study the effects of the sa�e four treatments as 
experiment l plus another t reatment with the vita�ins added t o  the basal 
diets (positive control ) .  Experiment 2 was conducted during the spring 
and summer of 1965 with the first two trials starting on April 3 and 6 
and the third trial on June 21. 
The JO pigs used in t rial 1 were selected by weight and sex from 
two litters representing each of the three breeds . The five pigs of each 
litter  were allotted to the five treatmentso Each lot contained three 
barrows and three gilts. The pigs we1•e confin.ed to the previously 
mentioned wooden crates. 
The pigs used in trial 2 were selected by sex and weight from 
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six Duroc and four Yorkshire litters. The 40 pigs were allotted to the 
five treatments on the basis of breed and sex. Each lot of pigs was 
confined to a 9 ft. x 16 ft. pen with an outside 8 ft. x 13 ft. concrete 
runway. 
The 25 pigs used in trial 3 were selected by weight from three 
Yorkshire litters. The pigs were al lotted at rando� to each of the five 
treatments. Each lot of pigs was confined to an 8 ft. x 9 ft. pen with 
a concrete floor. All lots of pigs had access to an 8 ft. x l3 ft. 
concrete runway. 
Growi ng � Experiments 
White albino male weanling rats .of the Sprague-Dawley strain 
weighing from 40 to 60 gm. were  used in t�e three experiments. The rats 
were fed the vitamin deficient diet shown in table 2 in groups of 
litterrnates or in groups of two for 10 days in order to deplete the 
body stores o� vitamins. They were then· separated and housed in 
individual screen-bottom cages in an air-conditioned room maintained at 
approximately 220 c. The racks containing the 60 screen-bottom cages 
were turned 1800 every - week to minimize the environmental effects . 
. Records were kept of the amounts of feed and water c onsumed by 
each rat and the animals were weighed weekly for four consecutive weeks. 
Metal waste-free feeders sho1m in figure 2 were used for the feeding of 
all rats. Representative samples of diets and water were collected in 
, 
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TABLE 2. COMPOSITION OF RAT DIETS ( EXPERIMENTS 1 · ·AND 2)  
---_.., 
Purifieda 
Experiment 1 
% 
Corn starch 71 
Vitamin-free casein . 20 
Corn oil 5 
Salt mixtureb 4 
Total 100 
2 
% 
73 
18 
5 
4 
100 
Natural 
Ground yellow corn 
Soybean meal (44'%) 
Dica.lcium phosphate 
Calcium carbonate 
Trace mineral sal tc 
Total 
Level 2£ vitamins �! !Q.Q_ m_. � 
Vitamin A, I. U .  
Vitamin Dz , I. U. 
Thiamine, nig. 
Riboflavin, mg. 
Pyridoxine, mg. 
Choline, mg. 
Niacin, mg. 
Pantothenic acid 9 mg. 
Low 
15 . 00 
10. 00 
0.15 
0. 60 
0.15 
45. 00 
2. 30 
1. 20 
Mediu_rn 
200. 00 
100. 00 
0 . 50 
o. Bo 
0 .24 
150. 00 
3. 00 
1. 60 
., 
2 
% 
75. 7  
22. 0 
1 . 0 
0. 8 
O o5 
100. 0 
High 
2, 000. 00 
300. 00 
2. 00 
2. 00 
2. 00 
165. 00 
10. 00 
6& 00 
a 0 .12 mg. oe-tocopherol was added P-er gm. of  total feed. 
b Salt mixture u. s . P. XIV (1950) . The salt mixture was obtained 
from Nutritional Biochemicals Corporation, Cleveland, Ohio. 
c Trace mineral content in the salt mixture was O. 58% manganese p 
0. 015% cobalt, 0. 08% copper, 0. 8% zinc, 0. 3% iron, and 0. 016% iodine. 
all experiments and assayed for riboflavin as described in the early 
weaned pig_ experiment procedures. 
Experiment 1:_. Sixty pairs of littermate rats were used in two 
trials to study the effects of supplying vitamins in the drinking water 
in comparison to mixing them in the feed. The paired littermates were 
fed _ equal amounts of vitamins daily in water or feed at low, medium,  
and high _ levels. The low level of  vitamins was estimated to provide a 
maintenance · quantity of daily vit amins. These estimated quantities of 
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Figure 2. Feeder used in rat experiments .  
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vitamins were based on data from Fritz ' s  (1967) work. ThE3 medium level 
of vitamins was estimated to provide the National Research Council ' s  
(1962) recomi71ended amount for 50 gm. rats o The high vitamin  supple­
�entation ·level provided a quantity equivalent to those recommended by 
the Nutritional Biochemicals Corporation for their _Vitamin Fortification 
Mixture. Table 2 lists the vitamins and their �.mounts supplied daily . 
at each level. . 
The following procedure for feeding and watering the rats was 
used. In the late ·afternoon between 4 : 00 and 6 : 00 p.m. , the rats were 
fed: equal amounts of feed and water. All animals that received their 
vitamins in the· feed were fed 5 gm . of vitamin feed plus } gm •. of 
vitamin-free feed s These rats were also given 10 ml. of tap water in 
a glass cup. The paired littermate rats that received their vitamins 
in the water were fed 8 gm. of vitamin-free feed and given 5 ml. of 
vitamin water plus 5 ml. of tap water o  One ml. of vi.tam.in water 
contained the same amount of vitamins as 1 gm. of the vitamin feed and 
termed a vitamin unit. At 8 : 00 a.m. the following morning all feeders. 
were removed from the cages and replaced- with feeders containing a. 
premeasured quantity of  vitamin-free feed. Also at this time, bottles 
of tap. water were placed before all rats. The rats were allowed to eat 
and drink � libitum until 1 : 00 p. m. at wh�ch time both feed arrl water 
were removed. The rats then rei-nained without feed an:i water until the 
afternoon feedinge 
The performance measurements of total gain , total feed and feed 
· efficiency were analyzed using a paired-t test ( Steel and Torrie, 1960) .  
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Experiment £• E:i.ghty-nine rats were us·ed in two trials to study 
the performance measurements of rats fed natural di ets in comparison to 
rats fed purified diets . The seven treatments were : (1 ) natural di et 
with no vitamins added to the water or feed , ( 2 )  natural diet with a 
high level of vitamins added to the feed, ( 3 )  natural diet with a high 
level of vitamins added to the water , (4 )  purified diet with a low level 
of vitamins added to the feed , (5 ) purified diet with a low level o f  
vitamins added to the water , ( 6 )  purified diet with a high level o f  
vitamins added to the feed , and ( ? )  purified diet with a high level o f  
vitamins added to the water . The feed and water were fed ..!£! libitum. 
The amount of vitamins added per gram of  feed was the s ame as the 
respective low and hi gh levels of experiment 1 which are pres ented in 
table 2 .  The ingredients o f  both diets are also presented in table 2.  
As in experiment 1 ,  the vitro-nin supplement for the water tre at- . 
ment group was prepared as a water premix with 1 ml . o f  water contain­
ing the s ame quantity of vitamins as 1 gm. of the diet. This vitamin 
· water premix was diluted ·with water in an effort to provide the water 
treatment group with approximately the -sarrie quantity o f  daily vitruni�s 
as the feed treatment group; The water-feed consumption ratio was 
estimated to be 100 ml. of water to 65 gm. of feed ; therefore ,  65 mlo 
of vitamin ·water premix was diluted to 100 ml . with water .  As a result 
of an incorrect estimation of the water-feed consumption ratio in ·trial 
1 the ·dilution was changed by diluting 50 ml. of the vitamin water 
premix to 100 ml 0 of tot al solution in trial 2.  
The rats were hous ed and handled in the s ame manner as the r ats 
of experiment 1 .  An analysis  of variance was computed for total gain , 
JO . .  
total feed consumed, feed efficiency, and tota.i water consumed for both 
trials. Where missing data occurred, a least squares procedure was 
used that permitted unequal subclass numbers. 
eriment. J. Nine sets of four paired littermates were u sed in 
this experiment to evaluate the perfonnance of li tt
.
errnate rats fed 
natural ahd purified diets with equal supple.mented vitamins added in the 
water or feed. The amount of vitamins supplied daily was one-half the 
National Rase.arch Council' s (1962) recommended daily amount. Table 3 
shows the rat diets used and the qu.antities of vitamins added to the 
feed and water. Each set of littermates was assigned at random to a 
treatment. Only one set of littermates was caged per tier for each side 
of the 60 cage rack. The procedure for feeding, watering, a.nd housing 
the rats was _the same as the procedure described in experiment 1. The 
amount of diet fed during the afternoon - feeding was reduced to 5 gm. by 
eliminating the 3 gm. of vitamin-free feed. The amount of water 
supplied to the rats fo1• the afternoon feeding was also changed by 
reducing the 5 ml. of tap water to 2 ml. for those rats r eceiving their 
vitamins in the water, and the 10 ml. of tap water was reduced to 7 nil. 
for tho se rats receiving their vitamins in the feed. The perfonnance 
data of tot.al gain, total feed consumed, and feed efficiency were 
analyzed using the paired-t test. 
TABLE 3 .  COHPOSITION OF RAT DI ETS . ( EXPERIMENT' 3 .) 
Purified a ·  Natural a 
Corn starch 
Vitamin-free casein 
Corn oil 
Salt mixtureb 
Total 
% 
71 . 0  
20. 0  
5 . 0 
4. 0  
100. 0 
Ground yellow corn 
Soybean meal ( 44%) 
Cx>rn oil 
Salt mixture 
Total 
Vitamin per 12.Q. £lll• 2f � � 12.Q. ml . of water 
Vitamin A, I. U. 
Thiamine , mcg. 
Riboflavin , mcg o 
Pyridoxine , mcg.  
Choline chloride , mcg. 
Niacin, mcg. 
Pantothenic acid, mcg. 
2 . 00 
1 . 25 
2 . 50 
1 . 25 
750 � 00 
15 . 00 
8. 00 
31 
% 
55. 6 
35. 4 
5. 0 
4. 0 
100. 0 
a 2 r. u. vitamin D arrl 0 . 12 mg. �-to copherol were added per gm. of 
total feed. 
b Salt mixture u. s . P. XIV ( 1950 ) .  The salt mixture was obtained 
from Nutritional Biochemicals Corporation, Cleveland , Ohio. 
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· RESULTS AND DISCUSSION 
Early Weaned Pig ]£c,perime nts 
E,cperi.ment l• Summaries for the average total gain, total feed 
consumption, feed e�ficiency, and total water consumption for each 
trial and an average for the experiment a.re shown in table 4. The 
results showed that there were essentially no differences in any of the 
criteria measured. In trial 1, pigs in lot 3 gai ned more weight than 
the other pigs primarily due to an increased feed consumption. Although 
these pigs ate mo.re feed and gained more weight than the pigs in the 
other lots, they were not any more  efficient in converting their feed to 
0 
weight gains. 
·Scours that were common to all the young pigs of the university 
herd at the time of the second trial affected the resu lts of trial 2 by 
depressing weight gains and feed consumption for all treatment groups. 
The scours prevailed in lot J longer than in the other lots which was 
at least part of the cause of the slower daily gains by this lot of 
pigs .  
The actual supplemental vitamin consumption by those pigs fed · 
supplemental vi tam.ins was essentially the same as the calculated 
consumption. For example, the pigs fed the medium level of vitamins 
consumed an average of 1,954 I . U. of supplemental vitamin A per pig per 
day, whereas the calculated intake was 2, 000 I . U. of vitamin .A per pig 
per .day. 
The performance of  the pigs that did not receive supplemental 
vitamins was somewhat surprising in view of the National Research 
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. TABLE 4. SUMMARY OF DATA FOR EARLY \iEA.J."JED PIG STUDY 
Item 
Lot number 
Number of pigs 
Av. initial wt. , kg. 
Av. final wt. , kg. 
Av. total gain, kg. 
Av. 'total feed consumed, kg. 
Av. total water consu..�ed, 1. 
Feed/kg. gain, kg. 
(EXPERIMENT 1 )  
Level of vi ta.min s in wa'ter 
Trial None · · Low 
1 
2 
l 
2 
Av. 
1 
2 
Av. 
1 
2 
Av. 
1 
2 
Av. 
1 
2 
Av. 
1 
2 
Av. 
1 
4 
8 
4. 8 
5. 4 
5. 2 
24. 7 
22. 2 
23. 0  
19.9  
16. 8 
17. 8 
38. 3 
30. 7 
3.3. 2  
87. 4 
64. 0 
72. 1 
1. 93 
1. 83 
1. 87 
2 
4 
8 
5. 0 
5.1 
5.1 
22. 6 
21. 4  
21. 8 
17. 6 
16. 3 
16. 7 
38. 6 
30.1 
33. 6 
97. 7 
67. 0 
77. 2 
2.19 
1. 85 
1 . 97 
Mediuma High 
3 
4 
8 
5. 8 
5 . 2 
5.4  
29.4  
18.1 
21. 9  
23 . 6 . 
13. 0 
16. 5 
46. 8 
24. 9 
32.2 
95. 3 
64. 9  
75. 0  
1. 98 
1. 92 
1. 95 
4 
22. 2 
23. 7  
23. 1  
18. 5 
·18. 2 
· 18. 2 
32.9 
34. 0  
33. 6 
73. 9  
72. 8 
73e 2  
1. 82 
1. 86 
· 1. 85 
a · 1, 277 I. U. of vitamin A, 765 I. U. of vitamin D, 4 mg. of ribo­
flavin, 9 mg. of calcium pa.ntothenate, 20 mg. of niacin, 64 mg. of 
choline chloride, 11 mcg. of vitamin BJ.2, 1 mg. of thiamine hydro­
chloride, and 1 mg. of pyridoxine was provided per 1. of water. The 
low and high levels pl vided one-half and twice the vitamins as the 
medium level, respectively. 
b One pig died of an unknown cause shortly after the experiment 
started. 
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Council recommended requirements and the fact that deficiehcies of 
niacin, pantothenic acid, and riboflavin have been produced experi­
mentally on diets consisting mainly of. corn and soybean meal (McMillen 
· et al. , 1948; Krider et al . ,  1949; Luce et al . , 1965 ) .  Deficiency 
symptoms were not observed for any of the vitamins and the pigs appeared 
healthy in both experiments except for the previously mentioned scour�. 
In fact, some of the pigs were fed diets without supplemental vitamins 
until they reached 90 kg. without deficiency symptoms occurring { Fritz, 
1967 ).  
Experiment _g_. Swnmaries of the results of this experiment are 
shown in table 5 . The results show that there were no significant 
differences between treatment groups in total gain, total feed consump­
tion, feed efficiency, and total water consumption { appendix tables 1 
and 2 ) .  The small observed differences .between treatments seemed to 
follow a trend of increased total gains, feed consumption, _ and water 
consumption as the supplemental vitamin intake increased. The pos�tive 
control group ( lot 2) and the group fed. the high level of vitamins in 
the water ( lot 5 ) gained the most weight and also ate the most feed. 
Although these pigs fed supplemental vitamins in the feed or water ate · 
more feed and gained faster, they did not convert .the feed to weight 
gain any more efficiently than the negative· control pigs. The similar . 
feed e�ficiency values are in agreement with the results of the first 
experiment but not in agreement with the findings of McMillen et al. 
(1948 ) and Krider et !l• (1949) .  
TABLE 5. 
Item 
Lot number 
Number of pigs 
Av. initial wt. , kg. 
Av. final wt. , kg. 
Av. total gain, kg. 
Av. total feed consumed, kg. 
SUMMARY OF DATA FOR EARLY WEANED PIG STUDY 
( EXPERDvIENT 2) 
No Vitaminsa Level of vitamins in water vitamins added 
MediumE Trial added in diet Low High 
1 2 3 4 5 
1 6 6 6 6 .5c 
2 8 8 8 8 8 
1 .5 . 6 .5 . 6 .5 . 9  .5 . 6  5. 6 
2 6.1 .5 .9  6. 2 5.9 5. 8 
3 6. 4 6. o 5. 7 6. 2 5.5 
Av. 6 . o  5 .9 6. o 5 .9  5 . 7 
1 20. 6  23. 9 . 24. 6  23 . 2  25 . 2  
2 23 .9  26. 7  2.5 . 0  24. 2  25 . 7  
3 28; 5  30 . 7  28. 5  30. 7 31.1  
Av. 24.1 27.1  25. 8  25 . 6  27.1  
l. 1.5 . 0  18. 3 18.7  17. 6 : 19. 6  
2 17. 8  20.9 18. 8 18. 4  20. 0  
3 22.1  24. 7 22. 8  24 • .5 25. 6  
Av. 18. 0  21. 2 19. 8  19 . 7 21.4 
l 29 .9 37. 4 38.1 3.5 . 2 39. 3  
2 34.5  41.1 35 . 8 34.5  38. 5 
3 39. 1  47. 5  _44. 3 48.J  49. 6  
Av. 34. 3  41 . 6  38. 8 38. 3 41.8  
\.,.) 
\J\ 
TABLE 5 CONTINUED 
No Vitruninsa Level of  vitamins in water vitamins added 
Item Trial added in diet Low Mediumb High 
Av. total water consumed,  1. l 76. 4 79 . 0  94. J 77. 6  99. 5 
2 61. 5  82. 8 51. 0  65. 4  81. 9  
3 103. 6 123 .9  101. 8 135 . 2  116. J 
Av. 77. 3 97. 2  72. 6  87. 6  96. J  
Feed/kg. gain, kg. l 2. 00 2. 05 2. 04 1. 99 2. 00 
2 1 .93 1 .97 1 .91 1 . 88 1 . 93 
3 1. 77 1.92 1. 94 1 .97 1. 94 
Av. 1.90 1. 97 1.96 1 .94 1. 95 
a 2, 502 I . U . of vitamin A, 1 ,501 I . U. of vitamin D, 8. 8 mg. of riboflavin, 17. 6  mg. of 
calcium pantothenate, · 39 . 7  mg. of niacin, 132. 2  mg. of choline chloride, 22. 0  mcg. of ·vitamin 
B12 , 2 .2  mg. of  thiamine hydrochloride ,  and 2. z mg. of pyridoxine were provided per kg. of  diet. 
b 1 , 277 I .U. of vita.min A, 765 I. U. of vitamin D, - 4 mg. of riboflavin, 9 mg. of calcium 
pantothenate , 20 mg. of  niacin, 64 mg. of choline chloride ,  11 mcg • . of vitamin Biz, 1 mg. of 
thiamine hydrochloride and l mg. of pyridoxine were provided per 1 . of  water. The low a.nd : high 
levels prov-lded one-half and twice the vitamins as the mediu.m level , respectively. 
c One pig died o f  an unknown cause • . 
" \.N °' 
The total water consumption values were .more variable . between 
and within trials than were the total gain and total feed values. As 
a general rule, however, an increase in weight gain and total feed 
consumption resulted in an increased water consumptiono 
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To illustrate· the comparative . calculated vltamin intake, the 
average daily intake of supplemental vitamins was essentially the same 
for groups fed the medium level of vitamin� in the water and those fed 
the vitamins in the feed (positive control) . The average daily 
supplemental vitamin intake of these two groups was slightly greater 
tha� the National _ Research Council recommendations (i. e. average daily 
supplemental vitamin A intake was 2,124 and 2, 283 I. U. for lot$ 2 and 
4, respectively). 
A positive explanation for the performance of the negative 
control pigs may be found by computing the vitamin concentration of the 
ingredients used in the basal diets. Using Pfizer' s Feed Formulator 
(1959 ) and the National Research Council' s Nutrient Requirements of 
Swine (1964) as references, the calculated quantities of vitamins in 
the feed. provided carotene equivalent to 1 , 554 I. U. of vitamin A, J. 8 
mg. of riboflavin, 16. 1 mg. of niacin, 10. 3 mg. of pantothenic acid, 
968 mg. of choline, 3. 3 mg. of thiamine, J. 4 - mg. of pyridoxine, and 
only a trace of vitamin 13i2 per kg. of diet. Accepting the values as 
they are given, diet 1 should have furnished the pig' s requirement for 
riboflavin, thiamine, and pyridoxine. In addition, diet 1 should have 
furnished the pig with 78� of its pantothenic acid requirement and 88� 
of its choline requirement. � If niacin in the corn and other ingredients 
was in the bound form and unavailable to the pig (Cunha, 1965 and Luce 
et al . ,  1965 ) ,  then it appeared that tryptophan was at a sufficient 
concentration to satisfy at least in part the niacin requirement 
(Cartwright et al. , 1948 and Powick et al . ,  1948) as no deficiency 
symptoms were observed and the pigs appeared healthy. 
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The results of the two early �,eaned pig experiments showed that 
the performance of the early-weaned pigs fed supplemental vitamins in 
drinking water appeared to be equivalent to the pigs fed supplemental 
vitamins in feed. The quantity of vitamins that should be supplied in 
water in view of the National Research Council' s recommendations was 
not determined since all the treatment gro ups had approximately the 
same total gain and feed efficiency. 
".!'he addition of vitamins in water required less time and effort 
than mixing the vitamins in the feed. The vitamins easily dispersed 
in water, whe·reas the addition of the vitamins in the dry diet required 
premixing and then extensive mixing in the complete diet. 
Growing Rat Experiments  
Experiment l• Summaries of the results of the first trial are 
presented in table 6 and figure J.  A paired-� test (appendix table 5) 
showed no significant differences between feeding vitamins in the feed 
and feeding vitamins in the water for total weight gain, feed consump­
tion, and feed efficiency at any vitamin level. The only observed 
differences between the two methods of supplementing vitamins. was at the 
low level of supplementation. As a group, rats fed the low level of 
vitamins in water gained 86� more weight, consumed 16% more feed, and 
were 37% more efficient in feed utilization than rats fed the same 
Vitamin 
TABLE 6. EFFECT OF METHOD OF VI'l'AMIN SUPPLE1'1ENTATION 
ON PERFORMANCE OF LITTERMATE RATS ( TRIAL 1 ) .  · . 
"Method of 
feeding Av. total Av. total 
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Av. feed 
level vitamins· gain , gm . �feed, gm. efficiency 
Feed 36 222 6.12 
Low 
Water 67 257 3 . 85 
Feed 110 326 2.97 
Medium. 
Water 111 329 2.96 
Feed 135 361 2. 67 
High 
Water 132 357 2. 70 
quantities of vitamins in the feed. Rats fed the low level of vitemi�s 
in the feed lost weight during the last week of the test. · These 
results were not significantly different between methods due to a wide . 
variation in the performance of the individual pairs. The total weight 
gains for rats fed vitamins in the feed ranged from a minus 9 gm. to a 
plus 98 gm. , whereas the weight gains for rats fed vitamins in water 
ranged :from 51 gm. to 95 gm. Three rats on the low level of vi ta.mins 
lost 2, 6, or 9 gm. total. weight during the 4-week test period. ' The 
feed efficiency ratios (total weight � total feed) ranged from 3. 04 to 
40. 80 for rats fed vitamins in feed and from 2. 99 to 4. 89 for rats fed 
vitamins in water. The three rats that lost weight were not included 
in the· listed range and they and their littermates were eliminated from 
the statistical analysis for feed efficiency. The negative gains 
prevented a feed efficiency value from being calculated. There was no 
apparent explanation for the occurrence of this variation. 
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Figure J .  Average total weight by periods for paired littennate rats 
fed supplemental vitamins in the feed or water · 
at three levels ( Experiment 1 - Trial 1). 
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The results of the second trial are swnm·arized in table 7 and 
figure 4. Rats fed the low level of vitamins followed the sam� trend of 
performance as rats fed the low level of vitamins in trial 1. The water 
fed group at. this low level gained 36oi more weight, consumed 45% more 
feed, and were 67% more efficient in feed utilization than their litter­
mates fed the same quantity of vitamins in the feed. Rats fed their 
vitamins in the feed at the low level of supplementation lost weight 
during the last 2 weeks of this trial. These differences in the 
performance between methods of supplementing vitamins were highly sig­
nificant (P <. 01) for each of the measur traits as were the differ­
ences between methods for the medillln level of vitamin supplementationo 
The wat.er treatment group at the medium level of vi ta.min supplementation 
gained 20% more weight, consumed 7</, more feed, and were ll% more 
efficient in feed utilization than the feed treat.�ent group. As in 
trial 1, there were no observed differences in total gain or efficiency 
of feed utilization between the two methods of supplementing vitamins 
at the high level of vitamin supplementation. 
The slower growth rate of rats fed the low level of vitamins in 
the feed may be explained in part by their lower total feed consumption. 
All rats responded to the daily vitamin supplementation at the beginning 
of each trial by increasing in body weight as the result of consuming 
their vitamin feed plus additional vitamin-free feed. However, the rats 
reduced their vitamin-free feed ( the feed supplied � libitum _each a.m. ) 
intake the third week of the experiment. By the fourth week they had 
stopped eating their vitamin-free feed, and some had reduced their 
'l'ABLE 7. EFFECT OF METHOD OF VITAt\fIN SUPPLEMENTATION 
ON PERFORMANCE OF LITTERHATE RATS ( TRIAL 2 )· · . 
Method of 
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Vitamin 
level 
feeding Av. total Av. total Av. feed 
vitamins gain, gm. feed, gmG 
Feeda 15 171 
Low 
Watera 69 248 
Feedb 88 273 
Medium 
Waterb 106 292 
Feed 117 319 
High . 
Water 119 319 
a Significantly different within pairs (P c:::::. 01) .  
b Significantly different within pairs (P <. 01) .  
efficiency 
11. 03 
3 .93. 
3.11 
2 . 77 
2. 71 
. 2 . 68 
intake of the feed containing the vitamins. As a consequence, the rats 
were losing weight at the termination of the experimento This reduced 
feed consumption did not occur with the ·paired litter-mates fed vitamins 
in water or with rats fed the higher levels of vitamins. 
Experiment �- Summaries of the average total gain, total feed 
consumption, feed efficiency, total water consumption,  and the amount. 
of supplemental vitamin units consumed for each treatment group are 
presented in table 8. The results show that the addition of vitamins 
by either method of supplementation had little effect on the performance 
of rats fed the natural diet. . There appeared to be a small improvem.ent 
in the rate of gain and a significant (P <. 05) improvement in feed 
efficiency (appendix table 6 )  by rats fed vitamins in the feed. The 
average total water consumption was similar for the three treatment 
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Figure 4. Average total weight by periods for paired littermate rats 
fed supplemental vitamins in the feed or water at three levels 
( Experiment 1 - Trial 2 ) .  
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TABLE 8. EFFECT OF METHOD OF VITA.""1IN SUPPLEMENTATION ON THE PERFORMANCE 
OF RATS FED NATURAL AND PURIFIED DIETS (TRIAL 1) 
Av. Av. 
Method of feed total 
feeding Av. total Av. total effi- water. 
Diet vitamins gain, g}.n e  feed, gm. ciency ml. 
Corn-soybeanb None 164 487 3. 4d 893 
( High level of vitamins) Feed 176 461 2. 9d 928 
Water 160 492 3. 4d 928 
Starch-casein Feed 99 324 4.4 8829 
(low level of vitamins)C Water 130 348 3. 0 10578 
Starch-casein Feed 146 373 2. 9 774e 
(High level of vitamins)c Water 160 395 2. 8 9369 
a The vita�in units are comparable between �ethods at each level. 
b Significantly different between diets ( P <. 05 ) except for average total water. 
c Significantly different between vitamin levels (P <.05 ). 
d Significantly different between m�thods ( P <. 05 ).  
e Significantly different between methods ( P <. 05 ) .  
Av. 
vitamin 
supplemental 
unitsa 
461 
526 
)24 
596 
373 
537 
t 
groups. The rats fed vitamins in water consumed more · supplemental 
vitamins than rats fed vitamins in feed, but the increased con�umption 
did not result in an improved performance. Surprisingly, rats fed 
diets with no supplemental vitamins performed as well as rats fed 
supplemental vitamins in the feed. 
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The results of the comp�ison of methods for rats fed purified . 
corn starch-casein diets showed that there was a trend for an impro ved 
gain, fee.d consu.mption, feed efficiency, and a significant (P <. 05 ) 
increase in water consumption for rats fed vitamins in water. These 
observed differences in performance at both the high and low level of 
supplementation  may in part be explained by the water t�eatment groups 
higher vitamin consumption. The water treatment groups fed the low and 
high level of vitrunins consumed a total of 272 and 164 more supplemental 
vitamin units� respectively, -than the feed treatment groups. 
The results of the comparison of types of diet at the high level 
of vitamin supplementation showed that rats fed the natural diets 
gained 10% more weight� consumed 20% more feed but were 10% less 
efficient in feed utilization than rats fed the purified diets. These 
results were signific�tly (P <. 05 ) different between types of diets. 
The significant (P <. 05 )  diet x method interaction for total gain 
indicated that the effect of method of supplementation was not the same 
for the two types of diets. The gains of rats fed vlta.'llins in water 
were not dependent upon the types of diet fed, whereas the gains of  rats 
fed vitamins in feed were dependent upon the type of  diet fed. The rats 
fed vita�ins in the natural feed gained 20% more total weight than rats 
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fed vitamins in the purified feed. A significant ( P  <. 05) ' · diet x 
method interaction was also observed for feed effic iency. However,  the 
effici ency of feed utiliz ation of rats fed vitamins in water was 
affected by the type of diet, whereas the feed . efficiency of rats fed 
vitamins in . feed was · not affected by "the type of diet. 
The effects of l evel of vitamin supplementation were shown when 
rats were fed the purified diets supplen1ented with high and low vitamin 
levels. The rats fed the high level of vitamins supplemented in both 
the feed and water showed significant (P <. 05 )  improvements in total 
weight gain, total feed consumption, and feed effic iency in comparison 
to rats fed the lower level of vitamins.  The water consumptio� was not 
significantly different between the high and low level of vitamin 
supplementati on. 
The trial 2 results summarized in table 9 show that the addition 
of vi ta.mins by either the water or feed method of supplooentation had no 
effect on growth rate, feed consumption, or efficiency of feed utiliza­
tion for those rats fed the natural diets. The rats fed supplemental 
vitamins consumed significantly ( P <. 05 )  more water ( appendix table ?) 
than rats fed no supplemental vitamins. However, this increased water 
consumption had no effect on the performance of rats fed the natural 
diets. These results except for the water consumption are in close 
agreement with the findings of trial 1. 
In contrast to the natural feed results, the method of supple­
mentation had a highly significant ( P -<: . 01 )  effect on growth rate and 
feed conslunption and a significant ( P <. 05 )  effect on feed efficiency 
TABLE 9 .  EFFECT OF- METHOD OF  -VITA.�N SUPPLEMENTATION ON  THE PERFORMANCE 
OF RATS FED NATURAL AND PURIFIED DIETS (TRIAL 2) 
Av. Av. 
Method of feed total 
feeding Av. -total Av. total effi- water, 
Diet vitamins gain, gm . feed, gm. ciency ml. 
Corn-soybean b None 158 491 3 . 1  5289 
(High level of vitamins) Feed 155 474 3 .1  610� 
Water 159 495 3 .1 672e 
Starch-casein Feedd 130 338 2. 6 417 
(Low level of vitamins)0 Waterd 71 255 3 . 6 470 
Starch-caseinb Feedd 151 406 2. 7 480 
(High level of vitamins)C Waterd 145 375 2. 6 . 570 
Av. 
vitamin 
supplemental 
unitsa 
474 
386 
338 
235 
406 
285 
a The vitamin units are comparable between methods at each level. 
b Total feed, feed efficiency, and total water significantly different between diets ( P <. 01 ) .  
c Significantly different between vitamin levels (P <. 0l) except for total water. d Significantly different between methods ( P <. 01 )  except for total water. 
e Significantly different between methods (P <. 05 ). 
� 
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for those rats fed the purified diets. Rats fed vitamins in -the feed 
gained 23% more weight, consumed 19i mor·e feed, and were 17% m� re 
efficient in feed utiliz ation than rats fed vitamins in the water. 
These results are -not in agreement with the results of trial 1 where 
rats fed supplemental vitamins in water had the superior performance. 
The discrepancy of the results between the two trials may be explained 
in part by the differences in supplemental vitamin inta..�e. In the 
first tri.al, the water treatment groups consumed more supplemental 
vitamins than the feed treatment groups and thus were superior in 
performance. In trial 2, the supplemental vi tamin consumption was 
reversed in that the feed treatment groups consu.med more supplemental 
vitamins than the water treatment groupso This decreased vita�in 
consumption by the trial 2 water treatment group was caused by the 
increased dilution of the vitamin premix which was discussed earlier. 
In a comparison of types of diets, the results showed that rats 
fed natural diets gained slightly more weight, consumed significantly 
(P <. 01 ) more feed and water, but were significantly (P <.., 01) less 
efficient in feed utiliz ation than rats fed purified diets. The 
significant (P <. 05) diet x method interaction for total feed consump­
tion indicated that the effect of the method of supplementing vitamins 
was not the ·same for the two types of diets. For those rats fed a 
natural diet, the water treatment group consumed more feed than the feed 
treatm�nt group, whereas the consumption of rats fed a purified diet was 
greater for those rats fed vitamins in the feed. 
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The resul ts of trial 2 were similar to trial. ·1 · in that rats fed 
the high level of vitamins gained 4?� mo re weight, consumed 32% more 
feed. and were 15% more efficient in feed utilization than rats fed the 
low level of vitamins on the average in feed and water. The differences 
in total weight gain · and feed consumption were highly significant 
(P <. 01 ) and the differences in feed efficiency were significant 
(P <. 05 ) .  The differences in water consumption between the two levels 
were not .significantly different. 
Experiment 2.• Summaries of the total gain. total feed, and feed 
efficiency are presented in table 10. These  results indicate that the 
method ·of vitamin supplementation had no effect on total gain, total 
feed consumption, or feed efficiency for rats fed the natural diet. 
These results are in agreement with the findings of the second rat 
experiment. In contrast to the observed_ performance of rats fed natural 
diets, the method of supplementing vitamins had a significant ( P <. 01 )  
effect on the performance of rats fed p�rified diets (appendix table 8 ) .  
The rats fed vitamins in the water as a group gained 110% more weight, 
consumed 25% more feed, and were 41% more efficient in feed utilization 
than their littermates fed vitamins in the feed. These results agree · 
favorably wlth the performance results of rats fed the low level of 
vitamins in experiment r. 
_ The type of diet again influenced the performance. Rats fed the 
natural diet gained 135% more weight, consumed 60% more feed and were 
38% more efficient in feed utilization than their littermates fed the 
purified diets. These hig�ly significant (P <. 01 )  results agree 
TABLE 10. EFF�CT OF METHOD OF VITAMIN SUPPLEMENTATION AND DIET 
ON PERFORMANCE OF LITTER.MATE RATS - . · . 
Method of 
50 
feeding Av. total Av. total Av. feed 
Diet vitamins gain, grn. feed , gm. 
Feed llO J06 
Corn-soybean a 
Water 109 )05 
Feedb 30 170 
Starch-caseina 
Waterb 63 212 
� Significantly different between diets (P <-. 01) .  
· Significantly different between methods (P <. 01) . 
efficiency 
2. 8 
2. 8 
5. 7 
J . 4  
favorably with the perfor nance of rats fed natu ral and purified diets 
supplemented with the high level of vitamins in experiment 2. 
The results of the three growing rat experiments showed that the 
method of supplementing vitamins at levels equal to or above the 
National Research Council' s recom.mendations had essentially �� effect 
on total gain, total feed consumption, and feed efficiency. However, 
the method of supplementing vitamins had a significant effect on the 
rats • performance at supplemental vitamin levels below the National 
Research Council ' s  recommendations. These method differences may be 
caused in part by differences in rate of depletion, absorption, trans­
portation and storage of vitamins. As mentioned earlier all rats had 
reached a weight ga n plateau or were losing weight prior to the start 
of each experiment. 'This weight gain plateau or loss of weight was 
caused by feeding a diet deficient in vitamins. 
At the start of each experiment all rats responded to the daily 
supplementation of vitamins by increasing in body weight. This re ponse 
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continued for approx · 1ately 2 weeks  at which time the rat s  ·fed supple­
mental vitamins in the feed reached another weight gain plateau and 
began losing weight during th third and fourth weeks of  the experiment . 
The weight gain plateaus appear to coincide ivlth the depletion periods 
of various vitamins . ·  Schumacher et al . ( 1965 ) reported the depletion 
periods for thiamine , riboflavin , and pyrido ne in rats  were 10 , 21, 
and 28 days , respectively. filnerick and Olson (1962) reported using a 
3 week depletion period for vitamin A. 
I 
I 
The daily supplement of  vitamins after the start of each experi-
mfnt was probably sufficient to meet or nearly meet the requirement of 
thiamine but was probably insufficient to meet the requireme11t .of 
riboflavin, pyridoxine , and/or vitamin A.  A defici ency of any one 
vitrunin (riboflavin , pyridoxine , or vit&�in A) or a combination of 
vitamins may have caused the second weight plateau.  
The rats  also .reduced their feed inta�e  during the period of not 
gaining weight • .  A low intake of protein can cause an infiltration of 
fat in the liver whi ch can cause a decrease  in the digestion and 
absorption of vita.min A in the intestinal tract. These cha.�ges reduce 
the efficiency of utiliz ation of vitamin A and accelerate  the 
appearance of the signs of deficiency (Moore ,  1960 ) .  A low protein 
intake may also increase the requirements of other vitamins as Czaczkes 
and Guggenheim ( 1946 ) reported that a low protein intake increases the 
riboflavin requirement . 
In contrast to the rats  fed supplementary vitamins in the diet 
losing wei ght durin g the last part of the experiment , the rats  fed the 
• 
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supplemental vitamins in -the  water continued to· gain in we:i.'ght during 
_ the third and fourth weeks of the experiment. The data suggest that 
the rats were better able to utilize the vitamins in aqueous solution. 
S�bel ( 1952 )  reported that deficiencies of fat
.
soluble vitmni11s may 
result from poor absorption or movement of the vitamins in the body. 
Sobel explained his theory by stating that fat soluble vitamins must be 
converted to water soluble forms by means of derivatives or dispersing 
�gents. He also stated that these problems do not occur for the water 
soluble vitamins • .Emerick and Olson (1962 ) reported that liver storage 
of vitamin A was greater for a water dispersed source of vitamin A than 
for oil dispersed source. 
Analysis ££ Water and � Samele� 
Table 11 summarizes the results of the feed analyses for ribo­
flavin. The feed samples were grouped according to type of diet and 
riboflavin content. The calculated riboflavin concentration of the 
corn-soybean meal diets was based upon the Commercial Solvents 
Corporation Feed Ingredient Analysis for 1966. The measured ri'boflavin 
content for all feed samples was essentially the same as the calculated 
values. There was a greater variation in the measured values as the 
supplemental vitamin content was increa·sed in both types of diets. 
Corn-soybean meal diets had greater variation in the measured riboflavin 
than did the corn starch-casein diets. This greater variation of the · 
amount of riboflavin between samples of corn-soybean meal diet was 
probably due to less efficient mixing of the diets and/or a greater 
variation of the riboflavin between different corn-soybean meal diets. 
TABLE 11.  FEED ANALYSIS FOR RIBOFLAVIN 
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Description of  feed sample 
Calculated 
concentration 
Microbiological 
analysisa 
Corn starch-vitamin-free casein 
diets with no added 
supplemental vitamins 
Corn starch-vitrunin-free casein 
diets plus different 
concentrations of supple­
mental vitamins 
Corn-soybean meal diets 'With no 
supplemental vitamins 
Corn-soybean meal diets plus 
different concentrations of 
supplemental vitamins 
mcg • ./ gm. 
O . lb 
0 .1  
0 .1  
2. 5 
6. 0 
8. 0 
20 . 0  
1. 78c 
1 . 78 
1 . 78 
4. 28 
5. 70 
5.90 
12. 57 
mcg. / gm.  
0. 2 
0 . 19 
0 .18 
2 . 47 
5. 70 
7. 40 
21. 00 
1. 69 
2 . 21 
1. 86 
5 .14 
·6 . 15 
4. 80 
15 . 00 . 
a Based on . the average of three replicated analyses. 
b Calculated from the analysis of the vitamin-free casein as 
provided by the Nutritional Biochemical Corporation. 
c Calculated from the feed ingredient analysis of 1966 as provided 
by the Corn111ercial Solvents Corporation. 
The results of the water sample analyses are presented in table 
12. The data indicate that riboflavin is relatively stable when placed· 
in solution. The potency retention of the riboflavin in solution after 
5 months was essentially the same as the initial concentration. 
The vitamin A analysis by the Wisconsin Alumni Research 
Foundation shows that vitamin .I\. pal.mi tate settles out o f  solutj_on as 
well as deteriorates if kept in solution for longer than 4 days before 
being consumedo 
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TABLE 12. WATER A.l\JALYSIS FOR RIOOFLAVIN AND VITk\fIN Aa 
=========-==-···=··=,,_============ 
Length of 
Description of tim� in Calculated · Assayed 
___ 1_Ja_t_e_r_s_am.....;;..p_l_e _____  s_o_l_u_t_io _  n ___ c�o..:.:n:.:.c..:e.:.:n.:tr:..a:.t=i:.:o:.:n:_ __ _:c.:.o::n.:ce=ntrat��::-
Vitamin solutions 
collected from the 
pig drinking cup 
Vitamin premix solution 
used in the pig 
experimentsb 
Vitamin solutioris of 
different concen­
trations used in 
the rat experimentsb 
Vitamin premix solution 
used in the pig 
experimentsc 
Riboflavin 
1 day 
3 days 
1 week 
4 weeks 
10 weeks 
1 week 
1 month 
5 months 
2. 2 mcg. /ml. 
2 . 2 mcg . /ml; 
60 mcg. /ml. 
60 mcg. /mlo 
60 mcg. /ml. 
2. 5 mcg. /ml. 
3. 0 mcg. /ml. 
6. o mcg. /ml. 
Vita"llin A 
-·--- -
4 daysd 
18 daysd 
18 dayse 
80 , 000 I.  u. /1. 
8.0 , 000 I. u. /1. 
80 , 000 I . U. /1. 
2. 6 mcg. /ml. 
2. 4 racg. /ml. 
59 mcg. /ml. 
56 mcg. /ml. 
59 mcg. /ml. 
2. 7 mcg. /ml. 
2. 9 mcg. /ml • . 
6. 8 mcg. /ml. 
32, 821 I. u. /L, 
7, 513 r. u. /1,I> 
I.J.2 , 962 I .  U. /1. 
a Microbiological assays were used to� detennine the riboflavin 
concentration and the Carr-Price assay method was used to determine the 
vitamin A concentration by the Wisconsin Alumni Res�arch Foundation. 
b The vitamin• solutions were stored in covered jars in a refrigerator 
kept at 40 C. 
c The vitamin premix solution was sto red in a covered jar at room 
temperature. 
a The solution was not mixed before aliquots were collected for the 
first and second assay determinations. This lack of mixing excluded 
the heavy sediment that had collected at the bottom of the jar from the 
assay aliquots. 
8 The solution was thoroughly mixed for the final assay deter­
mination. 
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The potency retention of vitamin A at the end of 2 i/2 weeks in 
solution was approximately 54%. During the same period of time, the 
deterioration loss plus the los s  due to settling out of suspension ca.used 
a 91% reduction in the vit��in A retention. 
The Commercial Solvents Corporation reported that an aqueous 
solution of their vitamin A palmitate product when stored in glass at . 
room temperature had good stability when protected from light but had 
considerable potency loss when expo sed to light. The length of ti!ne in 
solution and the potency retention for the solutions expos�d to light 
or dark respectively are as follows : 24 hours, 74-%, 99% ; 48 hours, 
56%, 94% ; 96 hours , JO%, 80� ; 192 hours, 25%, 75%. 
The water analysis indicated that the actual daily vitamin 
consun1ption should have been essentially the same as the calculated 
daily consumption s ince the solution containing vitamins was stored in 
. a covered jar in a refrigerator and usually consumed ·within three days 
of their mixing in solution. The results of the early weaned pig and 
rat experiments seem to support this contention. 
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SUMMARY 
Five experiments , two using early weaned pigs and three using 
growing rats , were conducted to study and compare the effects of adding 
supplemental vitamins through the water with putting the same amount of 
vitamins in the completely mixed air-dry feed. 
Pig ,'.!!ials 
In _ the first experim ent , pigs averaging 3 weeks of age were 
a:J,.lotted to four treatments and each treatment was replicated . The four 
treatme·nts used were the basal diet without suppl mental vitai.m.ns 
(�egative control ) ,  the basal diet plus vitamins added to the water at 
levels estimated to be one-half, equal to , or twice the National 
Research Council ' s  recommended daily intake . All pigs were allowed 
feed and water ad libitum. 
The second experiment was conducted to study the ef:fects of the 
same four treatments described in experiment 1 plus a fifth treatment 
with the supplemental vitamins added to the basal diet (positive 
control ) .  Each treatment was replicated three times . 
The results of  the two pig axperiments showed no significant 
differences between treatment groups in total gain, total feed consump­
tion , feed efficiency, and total water con sumption. These results 
indicated that the basal diets contained sufficient quantities of the 
vitamins to prevent significant treatment differences from occurring 
during the experimental period. 
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� Trials 
In the first growing rat experiment, JO pairs of littermate rats 
were used in each of two trials and al.lotted to six treatments. Each 
treatment was replicated five times in each trial. The paired litter­
mates were fed equal ·amounts of supplemental vlt��ins daily in feed or 
water at a level of approximately one-half, equal to, or five times the 
National Research Council' s recommended daily intake. All rats were fed 
a purified basal diet of c orn starch, vitarnin�free casein, corn oil, and 
minerals. 
The perfonnance of rats fed natural ( ground yellow corn, soybean 
meal , and minerals) and purified diets supplemented with low an.d high 
levels of vi tarnins in the feed or water was compared in the sec ond 
experiment. Seven treat.�ents were used to study the effects of diet and 
method of vitamin supplementation. These treatments were : (1) natural · 
diet without supplemental vitamins, (2) natural diet with a high level 
of vitamins added to  th e feed, (3 ) natural diet with a high level of 
vitamins added to the water, (Li- ) purified diet with a l ow level of 
vitamins added to the feed, (.5)  purified diet with a low level of 
vitamins added to the water, (6) purified diet with a high level of 
vitamins added to the feed, and (7) purified diet with a high level of 
vitamins added to the water. Each treatm ent was replicated 12 times. 
All rats were allowed feed and water ad libitum. The low and high 
levels of v:itamins were essentially the same as the low and high levels 
of experiment 1 .  
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Paired litterrnate rats  were used in the third e�erirr1ent to 
determine the effect of type of diet (na.tur'al or purified )  and me.thod 
of vitamin administration ( feed or water ) on the rats ' growth 
performance.  The a..lllount of vi tarnins supplied was one-hal.f the National 
Research Council ' s  recommended daily intake. Each of the four treat­
ments was replicated nine times . 
The results of  the three rat experiments showed that the method 
of vitamin supplementation had no significant effect on the performance 
of the rats fed natural diets . These results were similar to the 
results observed with the pig. 
The method of vita.min supplementation did have a significa..�t 
effect on performance of  rats  fed purified diets . The supplementation 
of vitamins in the water was advantageous at levels below the National 
Research Council ' s  recommendations .  At the recommended level of 
vitamin supplementation or above , the differences observed in method 
of vitamin administration were small. 
The results showed that the rats fed natural diets gained more 
weight and consumed more feed than the rats fed purified di ets at both 
the high and low level of vitamin . supplementation. The rats fed 
natural . diets as compared to the rats fed purified di ets were more 
efficient in · feed utilization at the low level of vita�in supplemerita­
tion but less efficient at the higher levels.  
The results of this study indi cate that the type of  diet fed to 
pigs and rats i s  an important factor in studying the effects of supple-
mental vitamin levels . 
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APPENDIX 
TABLE 1 .  A..i'JALYSIS OF VARIANCE FOR TOTAL FEED, TOTAL WATER AND 
FEED EFFICIENCY FOR EARLY WEANED PIGS ( EXPERIMENT 1 )  
Mean squares 
Source o f  Total Total Feed 
69 
variation d .f .  feed water - efficiency 
Treatment J 86 1376 0. 003 
Trial s  1 11063a 54913a 0. 006 
Residual 3 885 577 0 . 003 
a p <. 01 . 
TABLE 2.  ANALYSIS OF VARIANCE FOR TOTAL FEF;D , TO TAL WATER AND 
FEED EFFICIENCY FOR EARLY WEANED PIQS ( EXPERIMENT 2) · 
Hean squares 
Source of Total Total Feed 
variation d . f. feed water efficiency 
Treatment 4 868 6285 0 . 002 
Trials 2 10327a 9997 1. 709a 
Residual 8 257 6241 0 . 002 
a P < . 01.  
TABLE 3 .  ANALYSIS OF VARIANCE FOR 'rO TAL GAIN· · 
FOR EARLY vTEAJ.�E.D PIGS ( EXPERIMENT 1 )  , 
70 
.:..======� ... ..::.. ........... --·.=.... .... ===--,......,=·::::-=:.-:::· ===· =-=-=�========== 
Source of 
variation 
Treatments ( T )  
Breeds ( B) 
Trials (Tr) 
T X  B 
T X  Tr 
B X  Tr 
Residua..l 
a p <. 01 . 
Source of 
variation 
Treat.l'flents ( T) 
Breeds ( B) 
Trials (Tr )  
T X  B 
T X  Tr 
B X  Tr 
Residual 
a P <. 01. 
d . f. 
3 
2 
1 
3 
30 
TABLE 4- . ANALYSIS OF VARIANCE FOR TOTAL GAIN 
FOR EARLY WEANED PIGS ( EXPERIMENT 2 )  
d. f. 
4 
2 
2 
8 
8 
1 
68 
Mean 
_ . squar.! 
3 
s2a 
19 
·10 
37 
55 
17 
Mean 
square 
23 
17 
148a 
9 
6 
0 
11 
71 
TABLE 5 .  PAIRED-T TEST FOR TOTAL GAIN, TOTAL FEED AND FEED EFFICIENCY 
FOR LI'£TFJtMATE RATS PAIR FED DAILY SUPPLEi\fENTAL VITAHI.NS IN THE 
Supple-
mental 
vitamin 
level 
Low 
Medium 
High 
Low 
Medium 
High 
FEED OR WATER AT THREE LFNELS ( EXPERIMENT 1 )  
d. f. 
10 
10 . 
10 
9 
10 
10 
Total 
gain 
Trial 1 
2. 24 
0 . 52 
1 . 02 
.'£.rial _g 
?. 65 
6 .45 
0 .52 . 
T values 
Total 
feed 
lo 76 
0. 69 
0 . 91 
11 . 06 
5 . 02 
0 . 08 
Feed 
efficiency 
1. 24 
0. 08 
0. 50 
6. 76 
4. 46 
0. 7l 
TABLE 6. ANALYSIS OF VARIAl\JCE FOR TOTAL GAIN,  TOTAL FEED. TOTAL· WATER 
Ai\JD FEED EFFICIENCY FOR GRO\-JING RATS FED NATURAL A..JVD PURIFIED DIETS 
'rHAT WERE SUPPLEMENTED WITH VITAMINS IN THE FEED OR WATER 
AT T�iO VITAMIN LEVELS ( EXPERIHENT 2 - TRIAL 1)  
Comparison Me an squares 
Source of Total Total Total Feed 
variation d .f. gain feed water effi�iency 
Natural diet 
0 . 22b Hetho::l 2 280 11 2465 
Residual 9 80 ,12 1669 0. 04 
Purified diet 
Level 1 5os2a 72a 45113 1. 09 
Method 1 1736 17 97682a 0 . 67a · 
L x M  1 247 0 143 0. 42 
Residual 10 430 12 12083 0 . 22 
Natural vs . purified diet 
288b Diet 1 771a ' 18125 o. 3sa 
Method 1 3 21 22379 0 . 10 
D x M 1 771a 0 22797 0. 24a 
Residual 10 83 11 10632 0 . 04 
a P < . 05 .  
b P < . 01 .  
72 
TABLE 7. ANALYSIS OF VARIANCE FOR T0TA.L GAIN, ·.TOTAL FEED , · · TOTAL WATER 
AND FEED EFFICIENCY FOR GROWING RATS FED NATURAL AND" PURIFIED DIETS 
THAT WERE SUPPLEMENTED \·JITH VITAMINS IN THE FEED OR WATER 
AT TWO VITAMIN LEVELS ( EXPE..lUMEJ.\JT 2 - TRIAL 2) 
Comparison Mean squares . 
· Source of Total .Total Total 
variation d. f.  gain feed water 
Natural diet 
Method 2 50 13 52377 
Residual 23 231 10 58.51 
Purified diet 
Level l 20026b 756b 57220 
Hethod l 9053b 272b 44235 
L x M  l 6161b 56 3068 
Residual 31 423 21 22250 
Natural vs. purified diets 
1l8392b Diet l 687 765b 
Method 1 3 1 .50225 
D x 11 1 227 63a 1731 
R$sj_dual 31 238 14 13338 
a P <. 05. 
b p < . 01. 
Feed 
efficiency . 
--
0 . 000 
0 . 090 
5 . 5
7
� 5 . 22 . 
7. 15b 
1 . 19 
1 . 91b 
0 � 03 
0 . 05 
0 . 09 
TABLE 8. PAIRED-T TEST FOR TOTAL GAIN, TOTAL FEED AND FEED EFFICIEl'JCY 
FOR LITTER.MATE RATS FED NATURAL AND PURIFIED DIETS A1ID PAIR FED 
DAILY SUPPLEMENTAL VITAMINS IN THE FEED . AND WATER 
( EXPERD-fENT 3 )  
T values 
Total To tal Feed 
Comparis� ___ d _ . f  __ •__ ..;;... ___________ .,,.__,....;_,_ gain feed efficiency 
Method of supplementa­
tion for natural 
diets 
Method of supplementa­
tion for purified 
diets 
Type of diet 
9 
9 
9 
0 . 23 ·0 . 09 0 . 17 
8 . 48a 7 . 60a 4. 42a 
